Only a limited number of proteins from Mycobacterium tuberculosis have so far been shown to possess species-specific epitopes as defined by monoclonal antibodies. One such protein is protein antigen b (Pab) of molecular weight 38,000, which binds the monoclonal antibodies HYT 28, HAT 2, HBT 12, HGT 3, TB 71, and TB 72. The gene encoding this protein was isolated from a lambda gtll M. tuberculosis DNA library. The nucleotide sequence of the recombinant mycobacterial insert was determined, and an open reading frame of 374 amino acids was identified. The amino acid sequence exhibited 30% homology to a phosphate-binding protein, PstS, from Escherichia coli. The pab gene was subcloned into pBR322 in conjunction with the lacZ gene, and deletions were obtained from the 3' end. The anti-Pab monoclonal antibodies were used to probe crude protein lysates of E. coli transformed with the deletion plasmids. The monoclonal antibodies showed two reactivity patterns; one group of antibodies were dependent on the presence of the ultimate 91 amino acids of the protein, whereas another group of antibodies recognized an antigenic domain located on the middle portion of the molecule. None of the antibodies bound to the N-terminal 117-amino-acid peptide.
An important long-term goal of mycobacterial research is to identify mycobacterial antigens involved in the induction of protective immunity against tuberculosis. The development of improved diagnostic reagents, such as specific skin test antigens and serological markers, is another important goal. A prerequisite for getting anywhere near such goals is a detailed evaluation of the immunological role of single mycobacterial antigens.
The application of molecular biology techniques to mycobacteria has already proved powerful in dissecting the bacteria. Currently, tools are being developed allowing genetic manipulation of mycobacteria (14, 28) . Recently, a number of genes have been isolated from mycobacteria, especially from Mycobacterium tuberculosis, Mycobacterium bovis BCG, and Mycobacterium leprae (1, 13, 26, 32, 40, 42) . Special interest has been paid to genes encoding proteins belonging to the heat shock proteins, which are highly conserved among procaryotes as well as eucaryotes (5, 17, 27, 39) .
We have been interested in proteins which distinguish mycobacteria from other genera to study the interaction of such proteins with the host immune system. The 38,000-molecular-weight protein antigen b (Pab) of M. tuberculosis is by serological methods solely detected in the virulent M. tuberculosis and in lesser amounts in the vaccine strain M. bovis BCG. Hyperimmune sera from rabbits immunized with other mycobacterial species do not bind affinity-purified Pab. Furthermore, Pab has been able to induce proliferation of immune T lymphocytes from mice, guinea pigs, and humans (16, 35, 38) .
In this paper, we present the nucleotide sequence of pab and the mapping of two species-specific domains of the molecule defined by monoclonal antibodies (MAbs). 
MATERIALS AND METHODS
Bacteria and phages. The Escherichia coli strains used in this study were DHSalpha [F endAl hsdR17 supE44 thi-I recAl gyrA96 relAl (480 dlacZAM15)], JM101 (37) , and Y1089 (41) .
The recombinant lambda gtll bacteriophages lambda AA59, lambda AA71, and lambda AA60 were isolated in a previous study (1) from an M. tuberciilosis genomic DNA library constructed in lambda gtll by R. A. Young (40) .
DNA technology. Standard procedures were used for the preparation and handling of DNA (21) . DNA sequencing was done by the dideoxynucleotide chain termination method using single-stranded DNA of recombinant M13 phages as a template (24) . Nucleotide sequence was obtained from both strands.
Subcloning of pab into pBR322 (6) . A HindIII-SmaI fragment of lambda AA59 containing the pab gene was cloned into the HindIll and EcoRV sites of pBR322. The resulting plasmid, pAA26, was isolated from E. coli DH5alpha in which alpha complementation of 3-galactosidase activity could be observed.
Bal 31 deletions of the pab gene. DNA of the recombinant plasmid pAA26 was cleaved at the unique BamHI site. After ethanol precipitation, the DNA was dissolved in 20 (20, 30, 33) . No acts (usually 10 i1) were significant homologies to the so-called pho boxes, which are -e-7.5% polyacrylamide 18-nucleotide-long sequences located upstream from the massie brilliant blue or Pribnow sequences, were found within the region sects. The nitrocellulosequenced. However, two sequences resembling two proposed Abs as described earlier phoE Pribnow sequences were observed (Fig. 2) TGACACCTTACTGTCCAAGCAGATCCOYAGGCDiEGwCCGGGGSGGGTT 0GGG TGAGAGACGG   730  740  750  760  770  780  790  800  810  820   830 840 GTG is used as a start codon in only one of the mycobacterial genes sequenced so far (36) . However, only a very limited number of mycobacterial gene sequences have been established as yet. The GTG codon is followed by a sequence of four adenine residues which is one of the preferred sequences to follow an initiator codon (29) . Five base pairs upstream from the start codon, a putative ribosome-binding site was observed, strengthening the likelihood that this GTG codon is a start codon. The overall GC content of the pab gene, 64.5%, is in accordance with results obtained from hybridization studies of sheared chromosomal DNA (4) and with sequence data from other mycobacterial genes (7, 26, 32, 36) .
Shinnick previously observed that the GC content of the gene encoding the 65-kilodalton protein was not evenly distributed throughout the gene: the GC content was 55% in the first two positions of each codon versus 87% in the third position (26 pstS, pstC, pstA, pstB; and phoU (31) . With phosphate excess, the Pst operon down regulates the genes of the phosphate regulon, including pstS. Whether the function of Pab is to bind and transport phosphate in mycobacteria remains to be tested. In E. coli, PstS is localized in the periplasm, and a precursor form with a signal peptide of 25 amino acids has been identified (30) . The N terminus of Pab resembles a signal sequence (23, 34) . Two charged amino acid residues, a lysine and an arginine, are followed by a chain of 22 nonpolar amino acids followed by a lysine residue. The ultrastructural location of Pab in M. tuberculosis has not been determined as yet.
The pab gene was subcloned into a plasmid in conjunction with the lacZ gene. The resultant plasmid, pAA26, produced a fusion protein as well as a nonfused gene product, as was seen with the phages lambda AA59 and lambda AA71. This could be explained by posttranslational cleavage or by initiation of translation from the lacZ start codon as well as from the pab start codon. It has previously been observed that the phage lambda AA60 produced the recombinant gene product in E. coli at 30°C independently of IPTG addition (1). This might be explained by the observed homology to the phoE Pribnow sequences (33) . We do not know which of these sequences is the most likely to be used, as we do not know the starting point of the transcription. The promoter active in lambda AA60 might, however, be located even further upstream from the sequence given in Fig. 2 (3) . Peptides corresponding to the most hydrophilic portions of the molecule were synthesized, and 10 out of 14 B-cell epitopes could be mapped by this method.
As seen in Fig. 7 (12) . Open boxes show the four best-graded B-cell epitopes predicted by the Protean I program (10) . The individual ranking is indicated by numbers; box 1 indicates the best-graded epitope. 
ACKNOWLEDGMENTS

